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Introduction {#sec005}
============

It has been widely understood that well-trained doctors are crucial for the high-quality public health system and safe patient care. For medical school graduates, residency training is a crucial stage for them to gain both knowledge and skill before they become fully professional. However, residency training is very stressful \[[@pone.0207258.ref001], [@pone.0207258.ref002]\]. Typically, residents are constrained by long working hours, high job demands, sleep deprivation and personal time inadequacy \[[@pone.0207258.ref003], [@pone.0207258.ref004]\], which had been shown to cause stress symptoms and lead to both emotional exhaustion and negative consequences on residents' mental as well as physical well-being \[[@pone.0207258.ref005], [@pone.0207258.ref006]\]. Thus, it is important to identify specific stressors and prevent the ultimate burnout \[[@pone.0207258.ref007]\].

In 2011, the Health Department of China officially introduced its first nationwide residency training program for fresh medical graduates as one of many important procedures in this round of medical reform. This residency training program is known as the China Standardized Training for Resident Doctor (C-STRD) \[[@pone.0207258.ref008]\]. The C-STRD is mandatory and can take up to 3 years according to the educational degree of participants. All class 2011 and after are required to participate. Specifically, the training period for Doctoral (MD), Master (MM) and Bachelor (MB) degree of Medicine are one, two and three years, respectively. At the end of the training, all participants are required to take a comprehensive test to ensure their medical skills and knowledge. Once achieved the completion certificate, they are again sent back to the market and hunt for their future employer by themselves. According to original enrollment plan, 7902 medical graduates had already been enrolled into the C-STRD by 2014 \[[@pone.0207258.ref009]\].

So far, multipe studies had already evaluated various stressors in different residency training program throughout the world \[[@pone.0207258.ref001], [@pone.0207258.ref010]--[@pone.0207258.ref015]\]. However, we struggled to identify the prevalence of stress and specific stressors of participants enrolled in the C-STRD as no study has explored the prevalence and sources of stress among this population. Thus, the purpose of this study was to determine the stress sources and prevalence of C-STRD enrolled residents.

Methods {#sec006}
=======

Study design and instruments {#sec007}
----------------------------

The current study has been approved by the ethics committee of Shanghai Chang Zheng Hospital. Overall, the current study was developed by the authors according to previously introduced questionnaire-development process \[[@pone.0207258.ref016], [@pone.0207258.ref017]\]. The current study was conducted in two steps.

The first step involved a pilot study to collect preliminary data for questionnaire development. First, the author performed a literature search and failed to found any readily-available instrument that was suitable for the current study. Thus, the author developed a preliminary questionnaire, which included literature-adopted and self-developed questions. To validate this self-developed questionnaire, the authors met 112 C-STRD residents in person from five general hospitals in Shanghai. The authors discussed with these residents about their life stressors and collected over 20 kinds of stressors they mentioned. The stress level caused by these stressors were discussed as well as their stress-dealing methods. By comparing the frequency of these stressors mentioned by the residents during analysis of preliminary data from the pilot study, the authors listed 7 stressors into the final formal questionnaire, which were identified as the most stressful factors by the participants from the pilot study as well as the medical students from literatures \[[@pone.0207258.ref013], [@pone.0207258.ref018]--[@pone.0207258.ref022]\]. Furthermore, the formal questionnaire was further developed focusing on the top two stressors from the pilot study.

For the final questionnaire, the demographic profiling and Perceived Stress Scale (PSS) were directly used as that from the pilot study without any revision. The standard 10-item PSS was used to understand the participants' perceived stress related to current objective events \[[@pone.0207258.ref023]\]. The PSS is a self-reported instrument with ten items and each item is rated on a five-point Likert-type scale (0 = never to 4 = very often). Its threshold of high stress is defined as larger than 20 points \[[@pone.0207258.ref023]\]. It has been previously validated and utilized by several successful investigators researching students' stress levels \[[@pone.0207258.ref013], [@pone.0207258.ref024], [@pone.0207258.ref025]\]. The current study adopted the Chinese version of the PSS without any amendment, the validation of which had been previously verified \[[@pone.0207258.ref026]\]. The final PSS scores came from the summary of all items and a higher score indicated greater psychological stress. Next, for the stressor fact and stress-reducing intervention study, the 7 most mentioned stressors from the pilot study were listed along with most mentioned stress-reducing interventions by the respondents and literatures \[[@pone.0207258.ref027]\]. Next, the questions involved in the workload and financial status were borrowed from previous studies without any amendment from the pilot study \[[@pone.0207258.ref013], [@pone.0207258.ref014], [@pone.0207258.ref018]--[@pone.0207258.ref021], [@pone.0207258.ref028], [@pone.0207258.ref029]\].

Then, the formal survey was conducted by using the final validated questionnaire. The entire questionnaire could be read in [S1 Table](#pone.0207258.s001){ref-type="supplementary-material"}. Eleven coordinators from 11 hospitals personally distributed printed-questionnaires to C-STRD participants from their designated hospitals. To ensure the maxim respond rate, the coordinators collected the completed questionnaire in person after the questionnaire was completed. Participation was voluntary, anonymous and without any incentives.

Participants {#sec008}
------------

The cross-sectional survey took place in 11 general teaching hospitals in Shanghai, China between January and September 2014. Participants were doctors participated in the C-STRD program. A paper-based questionnaire was sent to 500 current or formal C-STRD-enrolled residents and the overall respond rate was 68%. [Table 1](#pone.0207258.t001){ref-type="table"} listed the general questions dealing with the demographic data of participants. For each question in the questionnaire, the lowest respond rate is 91.2%.

10.1371/journal.pone.0207258.t001

###### General information of all the C-STRD residents who participated in the survey.

![](pone.0207258.t001){#pone.0207258.t001g}

                              Total        Bachelor of Medicine   Master of Medicine   Doctor of Medicine
  --------------------------- ------------ ---------------------- -------------------- --------------------
  **General information**                                                              
  male                        200          20                     84                   96
  female                      140          20                     72                   48
  age                         27.0 ± 8.4   24.4 ± 1.1 ^a^         27.3 ± 1.5 ^b^       29.2 ± 1.4 ^c^
  **Marriage Status**                                                                  
  married                                                                              
  partner living together     106          0 (0%)                 43 (27.6%)           63 (43.8%)
  partner living separately   30           0 (0%)                 17 (10.9%)           13 (9%)
  divorced                    2            0 (0%)                 1 (0.6%)             1 (0.8%)
  **Having kid(s)**                                                                    
  one                         56           0 (0%)                 16 (10.3%)           40 (27.8%)
  ≥ two                       3            0 (0%)                 1 (0.6%)             2 (1.4%)
  **Living condition**                                                                 
  Shared apartment            185          25 (62.5%)             92 (60%)             68 (47.2%)
  Living with parents         87           15 (37.5%)             39 (25%)             48 (33.3%)
  By self or with wife        68           0 (0%)                 25 (16%)             28 (19.4%)

Value was presented in the mean ± standard deviation. The earning and expenditure amount was presented in US dollar. Items marked with different English letter indicated statistical difference (P\<0.05).

Statistical analysis {#sec009}
--------------------

The statistical analysis was performed using the GraphPad PrismTM 7.0 (GraphPad Software, San Diego, CA, USA), and descriptive statistics were performed. Data was presented as mean ± standard deviation. In the financial situation section, all income amount had been converted into US dollar with the exchange rate of 1 dollar against 6.1 China RMB. The one-way ANOVA was used to compare the difference of demographic features ([Table 1](#pone.0207258.t001){ref-type="table"}), PSS score ([Table 2](#pone.0207258.t002){ref-type="table"}) and financial status among participants with different educational degree. The one-way ANOVA was applied to the Total Score comparison ([Table 3](#pone.0207258.t003){ref-type="table"}) while the one-way ANOVA on ranks test (a.k.a. Kruskal-Wallis test), following the post hoc test, was used to check for detailed difference of stressor fact ([Table 3](#pone.0207258.t003){ref-type="table"}) and workload among participants with different educational degree. *P* value \<0.05 was considered statistically significant for the entire study, except for [Table 3](#pone.0207258.t003){ref-type="table"}, the significant level of the Kruskal-Wallis test was set for 0.01.

10.1371/journal.pone.0207258.t002

###### Responses to the perceived stress scale from the C-STRD residents (N = 340).

![](pone.0207258.t002){#pone.0207258.t002g}

  Perceived stress scale                                                                                      Never   Almost never   Sometimes   Fairly often   Very often   Average PSS score
  ----------------------------------------------------------------------------------------------------------- ------- -------------- ----------- -------------- ------------ -------------------
  How often have you been upset because of something that happened unexpectedly?                              10      32             115         153            30           2.59 ± 0.27
  How often have you felt that you were unable to control the important things in your life?                  8       31             120         169            12           2.57 ± 0.33
  How often have you felt nervous and "stressed"?                                                             5       29             80          78             148          3.35 ± 0.65
  In the last month, how often have you felt confident about your ability to handle your personal problems?   50      137            115         30             8            2.62 ± 0.28
  How often have you felt that things were going your way?                                                    31      162            132         11             4            2.64 ± 0.25
  How often have you found that you could not cope with all the things that you had to do?                    14      13             151         142            20           2.4 ± 021
  In the last month, how often have you been able to control irritations in your life?                        35      154            127         18             6            2.62 ± 0.26
  How often have you felt that you were on top of things?                                                     63      161            106         6              4            2.84 ± 0.26
  How often have you been angered because of things that were outside of your control?                        7       23             74          157            79           2.92 ± 0.27
  How often have you felt difficulties were piling up so high that you could not overcome them?               2       37             97          200            4            2.67 ± 0.38

The numbers listed in the table indicated how many participants selected the specific item.

10.1371/journal.pone.0207258.t003

###### The C-STRD residents' stressor fact.
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  Stressor                                                                                                 Total             MB           MM            MD
  -------------------------------------------------------------------------------------------------------- ----------------- ------------ ------------- -------------
  **Can you rate the following stressors in a 0 to 10 range?** [\*\*\*](#t003fn002){ref-type="table-fn"}                                                
  Financial income                                                                                         9.2 ± 0.7 ^a^     9 ± 1.4      9.1 ± 1.1     9.4 ± 0.9
  Workload                                                                                                 7.4 ± 1.3 ^b^     5.7 ± 2.1    7.4 ± 2.1     7.8 ± 1.3
  Unclear long-term career future                                                                          6.9 ± 1.4 ^c^     6.3 ± 2.3    6.9 ± 2.1     6.9 ± 1.8
  Supporting family                                                                                        6.5 ± 1.2 ^c^     5.4 ± 1.9    6.5 ± 1.7     6.9 ± 1.8
  Job environment (dealing with patients)                                                                  6.4 ± 1.3 ^c^     5.4 ± 2.2    5.9 ± 1.9     7.1 ± 1.9
  Relationships with trainers                                                                              3.7 ± 1.3 ^d^     5.7 ± 2.2    3.3 ± 1.7     3.6 ± 1.9
  Relationships with colleagues                                                                            3 ± 1.4 ^d^       3.1 ± 2.1    3.4 ± 2.1     2.7 ± 2.1
  **How do you dealing with your stressors?** [^\#\#\#^](#t003fn003){ref-type="table-fn"}                                                               
  Mesmerized in front of TV or computer                                                                    300 (88.2%) ^a^   39 (97.5%)   136 (87.2%)   125 (86.8%)
  Overeating                                                                                               203 (59.7%) ^b^   28 (70.0%)   75 (48.1%)    100 (69.4%)
  Drinking & smoking                                                                                       176 (51.8%) ^b^   20 (62.5%)   80 (51.3%)    71 (49.3%)
  Talk to colleagues                                                                                       98 (28.8%) ^c^    15 (37.5%)   54 (34.6%)    29 (20.1%)
  Talk to family                                                                                           60 (17.6%) ^c^    24 (60.0%)   19 (12.2%)    17 (11.8%)
  Self-mutilation                                                                                          9 (2.6%) ^d^      5 (12.5%)    2(1.3%)       2 (1.4%)
  Talk to trainers                                                                                         4 (1.2%) ^d^      0 (0%)       4 (2.6%)      0 (0%)
  Stress management                                                                                        0 (0%) ^d^        0 (0%)       0 (0%)        0 (0%)
  Other method                                                                                             0 (0%) ^d^        0 (0%)       0 (0%)        0 (0%)
  **Have you ever had thoughts of quitting medical profession? (answered yes)**                            225 (66.2%)       21 (52.5%)   100 (64.1%)   104 (72.2%)

Each value was presented in the mean ± standard deviation. The one-way ANOVA was applied to the Total Score comparison (comparison was made in the same column). Items marked with different English letter indicated statistical difference among all stressors and methods dealing with stressors (P\<0.05). Then, the one-way ANOVA on ranks test (a.k.a. Kruskal-Wallis test), following the *post hoc* test, was used to check for detailed difference among participants with different educational degree (comparison was made in the same row). Items marked with wavy line indicated statistical difference among different educational degree (P\<0.01).

\*\*\* Self-evaluated in a 0 (poor/none) to 10 (excellent/tremendous amount) scale.

^\#\#\#^ The numbers listed outside the parentheses indicated how many participants selected the specific item while the numbers inside the parentheses indicated the corresponding percentage.

Result {#sec010}
======

Demographic profiles {#sec011}
--------------------

[Table 1](#pone.0207258.t001){ref-type="table"} listed the socio-demographic characteristics of the C-STRD residents participated in the survey. Overall, the majority \[200 (58.8%)\] of the respondents were male and aged 28.3 ± 2.1 on average while that of the female \[240 (41.2%)\] were 26.9 ± 1.8. Of those that responded, 144 (42.4%), 156 (45.9%) and 40 (11.8%) had MD (Doctoral degree of Medicine), MM (Master degree of Medicine) and MB (Bachelor degree of Medicine), respectively. At the time of the survey, the majority of the participants \[136 (40%)\] were married, 59 had kid(s) (17.3%) and 185 lived in a shared apartment (54.4%).

Perception of the stress {#sec012}
------------------------

Next, the PSS was used to measure the recent perception of the stress of the participants in [Table 2](#pone.0207258.t002){ref-type="table"}. All residents scored 27.3 ± 4.9 on average (ranged from 11 to 40). Specifically, the PSS score for the MB, MM, and MD residents were 26.6 ± 4.1, 27.8 ± 3.5 and 27.1 ± 5.2, respectively, and no significant difference was observed among them (P\>0.05). The top three causes resulted in this constant stress were that the participants "very often felt nervous and stressed" (PSS score 3.35 ± 0.65), their "things were very often out of control" (2.92 ± 0.27) and "they were never on top of things" (2.84 ± 0.26).

Key stressors identification and coping strategies {#sec013}
--------------------------------------------------

[Table 3](#pone.0207258.t003){ref-type="table"} listed stressors fact reported by the residents. Overall, the top three stressors included their financial income status (stress level = 9.6 ± 0.4 in a 0--10 scale), workload (stress level = 7.2 ± 2.1), and unclear long-term career planning (stress level = 6.6 ± 1.8). Statistical analysis indicated that financial income and workload caused significantly higher stress level than other listed stressors (P\<0.05). Additionally, compared to the MB residents, the MM and MD suffered significant higher stress level due to heavy workload and family supporting (P\<0.05). However, the MB residents had more tense relationships with trainers than that of the MM and MD (P\<0.05). To deal with their stress, the majority of residents \[300 (88.2%), P\<0.05\] selected to mesmerize themselves in front of TV or video game as their prime choice, which was followed by the choice of overeating \[203 (59.7%)\] and drinking/smoking \[176 (51.8%)\]. Surprisingly, 9 participants (2.6%) picked to harming self rather than talk to their family, trainers or colleagues. We also found that none of the residents (0%) went for stress management because they had never been provided with such service from their training hospital and C-STRD program. Under such stress, 225 participants (66.2%) had generated the thoughts of quitting medical profession, which was highest among the MD residents (P\<0.05).

Contributing factors of the key stressors {#sec014}
-----------------------------------------

[Table 4](#pone.0207258.t004){ref-type="table"} showed the detailed fact of C-STRD residents' financial status. The average monthly payroll amount was \$632 ± 414.1 according to all respondents. Specifically, this amount was \$590.2 ± 127, \$604.9 ± 200.4 and \$702 ± 186 for the MB, MM and MD, respectively (P\<0.05). There was no benefits package provided and no allowance for overtime working. Surprisingly, 9 participants (10.6%) also reported wage arrears, and the longest of arrear period was 5.3 month by the time of the survey. Contrary to their low income, the expenditure of participants were tremendous. The home mortgage, apartment rent, family provision, transportation fee and food were ranked the top 5 major expenditures.

10.1371/journal.pone.0207258.t004

###### The C-STRD participants' financial status.
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  Financial status                                              Total                                                                                          MB                     MM                      MD
  ------------------------------------------------------------- ---------------------------------------------------------------------------------------------- ---------------------- ----------------------- -----------------------
  **What is your income situation?**                                                                                                                                                                          
  Monthly payroll Amount                                        632 ± 414.1                                                                                    590.2 ± 127 ^a^        604.9 ± 200.4 ^b^       702 ± 186 ^c^
  Benefit package                                               no                                                                                                                                            
  Allowance (including for overtime-work)                       0                                                                                                                                             
  Wage arrears                                                  Reported by 36 respondents (10.6%) (the longest period was 5.3 months at the time of survey)                                                  
  **What is your major living cost? (% relative to payroll)**   ranking                                                                                                                                       
  Monthly home mortgage                                         1                                                                                              0 (0%)                 852.5 ± 480 (141%)      1271.6 ± 164.9 (181%)
  Monthly apartment rent                                        2                                                                                              186.9 ± 48.4 (32%)     384.1 ± 233.3 (63.5%)   400.2 ± 172.0 (57%)
  Family provision                                              3                                                                                              0 (0%)                 149.9 ± 58.3 (25.4%)    153.3 ± 30.5 (25.3%)
  Food                                                          4                                                                                              104.9 ± 89.1 (17.8%)   123.3 ± 49.5 (20.4%)    133.8 ± 49.9 (19.1%)
  Transportation                                                5                                                                                              59.5 ± 36.4 (10.1%)    62.3 ± 35.9 (10.3%)     58.9 ± 23.9 (8.4%)

Each value was presented in the mean ± standard deviation. The one-way ANOVA test was used to compare the monthly payroll amount among residents with different educational degree. The payroll amount had been converted into US dollar with the exchange rate of 1 dollar against 6.1 China RMB. Items marked with different English letter indicated statistical difference (P\<0.05).

[Table 5](#pone.0207258.t005){ref-type="table"} demonstrated the details of resident's workload. All residents evaluated their work intensity as 9.2 ± 1.5 and 6.6 ± 2.4 out of 10 on weekdays and weekends, respectively. Specifically, they served the 24 hrs on-call shift every 4.7 ± 1.7 days. During weekdays, the residents need to see 31 ± 6.7 patients/month, conducted 7.1 ± 2.4 surgeries/week for surgical residents and worked overtime 12.8 ± 10.7 hrs/weekdays while only had 1.6 ± 1.4 hrs/day for a break. Meanwhile, 261 participants (76.8%) worked overtime in the hospital for 7.5 ± 7.1 hrs during the weekend. Additionally, 146 participants (42.9%) also conducted lab research after work for 5.1 ± 2.7 hrs/week while 70 participants (20.6%) performed non-educational for 2.3 ± 3.4 outside the hospital. The majority of these non-educational activities included being messengers, preparing lecture notes for the trainer, delivering packages, and even helping trainer with house moving. Under such intensive workload, most of the residents \[265 (77.9%)\] could only sleep 4 to 7 hrs a day and 69.1% reported they remained unrefreshed after sleep. Detailed comparison among residents with different educational degrees could be reviewed in [Table 5](#pone.0207258.t005){ref-type="table"}.

10.1371/journal.pone.0207258.t005

###### The C-STRD participants' working fact.
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  Workload survey                                                                  Total         MB               MM                MD
  -------------------------------------------------------------------------------- ------------- ---------------- ----------------- -----------------
  **Can you provide the following factors during (9 hrs) normal working?**                                                          
  Working intensity index[\*](#t005fn002){ref-type="table-fn"}                     9.2 ± 1.5     9.2 ± 1.3        9.0 ± 1.4         9.4 ± 1.1
  On-call cycle (days)                                                             4.7 ± 1.7     4.6 ± 1.4        5.1 ± 1.1         4.5 ± 1.1
  Managing life-threatening situation (answered yes)                               316 (92.9%)   35 (87.5%) ^a^   141 (90.3%) ^a^   140 (97.2%) ^b^
  Duration of break time per day (hrs)                                             1.6 ± 1.4     1.5 ± 0.9        1.4 ± 1.1         1.9 ± 1.0
  Number of inpatients seen in wards per month                                     31 ± 6.7      30.6 ± 5.6       31.5 ± 6.4        30.9 ± 5.1
  Number of surgeries per week (for residents of surgery department)               7.1 ± 2.4     6.6 ± 2.1        7.1 ± 1.9         7.7 ± 1.4
  **Can you provide the following factors during your overtime working period?**                                                    
  Working intensity index[\*](#t005fn002){ref-type="table-fn"}                     6.6 ± 2.4     7.4 ± 2.1 ^a^    6.0 ± 1.6 ^b^     6.4 ± 1.1 ^b^
  Overtime on weekdays (answered yes)                                              340 (100%)    40 (100%)        156 (100%)        144 (100%)
  Entire overtime hours per weekdays                                               12.8 ± 10.7   12.9 ± 4.6       13.5 ± 9.7        11.9 ± 7.1
  Overtime on weekend (answered yes)                                               261 (76.8%)   31 (77.5%) ^a^   110 (70.5%) ^b^   120 (83.3%) ^c^
  Entire overtime hours per weekend                                                7.5 ± 7.1     8.7 ± 3.8 ^a^    7.6 ± 6.4 ^b^     6.1 ± 2.5 ^c^
  **Do you need to participate in lab research?**                                                                                   
  answered yes                                                                     146 (42.9%)   7 (17.5%) ^a^    85 (54.5%) ^b^    54 (37.5%) ^c^
  Lab research time (hours/week)                                                   5.1 ± 2.7     5.1 ± 1.8        4.8 ± 2.5         5.2 ± 1.9
  **Do you need to participate in non-educational activities?**                                                                     
  answered yes                                                                     70 (20.6%)    11 (27.5%) ^a^   35 (22.4%) ^ab^   24 (16.7%) ^b^
  Non-educational activities time (hours/week)                                     2.3 ± 3.4     3.1 ± 2.8 ^a^    1.8 ± 2 ^b^       2.1 ± 2.7 ^b^
  **How long does your sleeping last?**                                                                                             
  \< 4 hrs                                                                         58 (17.1%)    7 (17.5%) ^ab^   21 (13.5%) ^a^    30 (20%) ^b^
  4--7 hrs                                                                         265 (77.9%)   24 (60%) ^a^     134 (85.9%) ^b^   107 (74.3%) ^c^
  ≥ 7 hrs                                                                          17 (5%)       9 (22.5%) ^a^    1 (0.6%) ^b^      7 (4.9%) b
  Report to feel refreshed after sleeping? (answered yes)                          105 (30.9%)   20 (50%) ^a^     37 (23.7%) ^b^    48 (33.3%) ^c^

Each value was presented in the mean ± standard deviation. The one-way ANOVA on ranks test (a.k.a. Kruskal-Wallis test), following the *post hoc* test, was used to check for detailed workload difference among participants with different educational degree (comparison was made in the same row). Items marked with different English letter indicated statistical difference (P\<0.05).

\* Self-evaluated in a 0 (poor/none) to 10 (excellent/tremendous amount) scale.

Discussion {#sec015}
==========

It has been widely understood that well-trained doctors are crucial for the high-quality public health system and safe patient care. However, during practice training, medical residents entail high prevalence of stress, which can cause mental health issues \[[@pone.0207258.ref030], [@pone.0207258.ref031]\], affect training quality, and change residents' attitude towards their future career \[[@pone.0207258.ref010]--[@pone.0207258.ref012], [@pone.0207258.ref032]--[@pone.0207258.ref035]\]. Additionally, high prevalence of stress had been not only observed in medical students from western countries \[[@pone.0207258.ref036]--[@pone.0207258.ref040]\], but also those from Asian regions/countries, such as Hong Kong\[[@pone.0207258.ref041]\], Korea \[[@pone.0207258.ref042]\], Malaysia\[[@pone.0207258.ref043]\], Thailand \[[@pone.0207258.ref044]\], and Saudi Arabia \[[@pone.0207258.ref045]\]. Unfortunately, no such study was performed in mainland China. Thus, we conducted the first comprehensive multi-institutional study focusing on the magnitude of perceived stress among C-STRD enrolled residents in China. Based on our survey, we concluded that 1) the C-STRD enrolled residents demonstrated a high level of stress, 2) although residents with different educational degree responded to various major stressors with disparity, low financial income is the major stressor among all C-STRD residents, and 3) a proper stress reduction program is in urgent need for C-STRD residents to cope with their stress.

Our core objective was to identify whether C-STRD residents are under stress and subsequently identify the sources of stress. Keeping with the tradition of maximum prudence, we utilized the PSS scale and identified that C-STRD enrolled residents scored above the threshold of high stress. Compare to other international studies, the C-STRD residents' PSS scores were not only significantly higher than that of the societal normative populations \[[@pone.0207258.ref010], [@pone.0207258.ref014]\], but also surpassed their foreign counterparts \[[@pone.0207258.ref001], [@pone.0207258.ref010]--[@pone.0207258.ref014]\]. For residents with less extreme duty hours, the PSS score varied from 22 in 938 residents in Saudi Arabia \[[@pone.0207258.ref001]\] to 16.1 in 168 family medicine residents in the US \[[@pone.0207258.ref012]\]. On the other hand, Zaré et al. \[[@pone.0207258.ref014]\] showed that US general surgery residents who work for 80 hrs/week reported the PSS score of 26.8. Collectively, these data indicated C-STRD residents suffered a high level of stress.

The literature demonstrates that medical residents shoulder higher levels of debt had higher incidences of burnout \[[@pone.0207258.ref046]\], depressive symptoms, cynicism \[[@pone.0207258.ref047]\] and decreased career satisfaction \[[@pone.0207258.ref048]\]. Our data indicated that the C-STRD residents were majorly struggled with their low income and high expenditures for the bare necessities of life. According to the 2011 data published by the China Bureau of Statistics, the average income for the Bachelor and graduated degree owner were \$720 and \$1007, respectively, \[[@pone.0207258.ref049]\]. However, according to our survey, residents' payroll varied from \$590.2 ± 12 for the MB residents to \$770.2 ± 186 for the MD residents, who were significantly underpaid compared to the national salary average. Not only had we observed a low monthly income and purchasing power, the C-STRD residents spent a large proportion of their income on life necessities as well. The majority of the C-STRD enrolled respondents lived in rented apartments, which cost as high as 63.5% of their entire income. This is not the worst as for those who had a home loan (second majority group), their income was not even enough to cover the monthly installment. These numbers were much higher than the average Shanghai household final consumption expenditure on housing/living (9%) \[[@pone.0207258.ref050]\]. Thus, it is reasonable to conclude that C-STRD residents are deeply concerned about their financial status. Surprisingly, the wage arrears were reported by more than 10% of all respondents, which makes the financial status even more difficult for those doctors. As more than one-third of MM and MD are married or even have kids, it is understandable that they are unsatisfied with their current income and feel life is extremely stressful for them.

Heavy workload was also reported as one the highest-ranking stressors by the C-STRD residents, which concurred with other studies \[[@pone.0207258.ref013], [@pone.0207258.ref014], [@pone.0207258.ref028], [@pone.0207258.ref029]\]. Additionally, the current study also replicated data from previous studies, which identified major parameters associated with the stronger workload in residents, such as overtime working, high patient load, critical situation management, on-call duty cycle, short break time and poor sleep quality and quantity \[[@pone.0207258.ref001], [@pone.0207258.ref012], [@pone.0207258.ref051]\]. Based on our calculation, the C-STRD residents spend averagely 78.5 hrs/week on duty in hospital, which is fairly close to the 80 hrs/week restriction of the US residents training program \[[@pone.0207258.ref052]\]. Existing literature describes that 80 hrs/week policy on patient safety and residents' well-being are equivocal. For residents, it improves their lifestyle, sleep quality, mood, testing scores and operative case volume \[[@pone.0207258.ref014], [@pone.0207258.ref053], [@pone.0207258.ref054]\]. For patients, decreased errors and improved care were also monitored \[[@pone.0207258.ref055]\]. Thus, our data indicated that the C-STRD residents should be able to handle their current workload with no problem. However, additional to the regular "clinical requirements", nearly half of the C-STRD residents participated in lab research for 5.1 hrs/week. Although 100% reported they worked voluntarily, more time not at home translates to less time available for personal and family pursuits. Last but not least, the C-STRD residents also conducted non-educational activities as those from other institutes \[[@pone.0207258.ref056]\], which could be the last straw to totally burn-out already-stressful C-STRD residents.

Our results concerning the current psychological wellbeing of C-STRD residents raised the question of appropriate intervention. Previous literature demonstrated that residents appeared to be protected from stress by some support mechanisms, such as providing support groups, professional and career counseling, psychological counseling, financial support, insurance, family and child care, and legal advisors to address malpractice \[[@pone.0207258.ref027]\]. Surprisingly, no C-STRD residents sought formal counseling or intervention to healthily perceive these stresses as none was provided by the current training program. It is worth mention that the mentoring program is thought to one of the most important options to providing professional and emotional support to residents. Unfortunately, we also observed the lack of communication between residents and their trainees, which is consistent with previous literature \[[@pone.0207258.ref057]--[@pone.0207258.ref059]\]. As problems faced by the residents remained unidentified by the trainees, residents' stressors, therefore, remain un-addressed.

This study was subject to some limitations associated with experiment design. First, each department had varied minimum education degree requirement for participants during enrollment. The department of surgery and internal medicine required participants to obtain either MD or MM degree while the others (such as the department of radiology) required only the MB degree. Due to the nature of the surgery and internal medicine, participants in these departments should have a heavier workload than other departments, which can cause higher stress level and bias in our survey results. Additionally, literature had reported female residents tended to have higher stress level than their male counterparts \[[@pone.0207258.ref019]\]. However, the current study did not separate the female residents from the male due to relative small sample size issue. Thus, the difference during the original admission demographic characteristic led to unbalanced educational degree distribution and gender ratio. Additionally, the PSS is normally considered as a short-term stress measuring scale. Longer follow-up periods are needed to better understand the stress level changes and coping strategies' outcomes. The response rate in the current study is 68%, which may introduce bias during data interpretation and analysis. Moreover, Shanghai is the largest metropolitan in China, which has its unique social and economic environment. Thus, major stressors and their coping strategies differ greatly between citizens of Shanghai and those from other areas. This fact could introduce bias and decrease the generalizability to the current studies. Such points would be considered in future studies' protocols.

Conclusions {#sec016}
===========

Conclusively, the current study provides some initial indication of high levels of perceived stress in the C-STRD residents and identifies the specific stressors that cause this high stress levels. Although there was a difference in perception of stress for workload and career future among different educational degree owners, low financial income is the major stressor among all C-STRD residents, which are consistent with the literatures \[[@pone.0207258.ref022], [@pone.0207258.ref037]\]. Unhealthy stress-reducing interventions are widely utilized by the C-STRD residents due to lack of a proper stress reduction program. Future research is recommended to seek for effective support service and proper guideline to ease the C-STRD residents' stress.
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###### The formal questionnair used in the current study.

(PDF)

###### 

Click here for additional data file.
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